Summary. Pregnancy block caused by exposure of mated female mice to a strange male was significantly reduced by bilateral destruction of the vomeronasal organ. Treatment of newly mated females with \g=a\-bromocriptine also produced pregnancy block. Pregnancy block also occurred in mated females exposed to strange male odours, but the blastocysts which had failed to implant were still present in the uterus and were viable for up to 15 days after mating. Implantation was induced in such mice by administration of exogenous progesterone and oestradiol.
Introduction
A block to pregnancy by strange males was first described by Bruce (1959) who found that over 70% of impregnated female mice returned to oestrus after coming into contact with a strange male within 72 h of the initial mating. The block was shown to be determined by olfactory stimuli because ablation of the olfactory bulbs abolished the effect (Bruce & Parrott, 1960) and mated females exposed only to soiled bedding from strange males also returned to oestrus (Parkes & Bruce, 1962) . The production of the pregnancy blocking pheromone is androgendependent because the block fails to occur with urine from castrated male mice (Bruce, 1965) and can be induced by urine from androgenized females (Dominic, 1966) . The pheromone responsible has not yet been identified, but pregnancy block can be elicited by male urinary proteins (Marchlewska-Koj, 1977) .
Although the action of the pregnancy blocking pheromone is prevented by removal of the olfactory bulbs, this procedure destroys both the main and accessory olfactory projections. One of these projections, originating in the vomeronasal organ, is involved in primer pheromone reception (Johns, Feder, Komisaruk & Mayer, 1978; Keverne, 1979) . While it seems probable that the vomeronasal organ might also contain the receptors for the pregnancy blocking pheromone, this has not yet been shown.
The immediate cause of pregnancy block is thought to be a failure of luteal function (Dominic, 1970; Milligan, 1976a) and the reason for this luteal failure has been suggested to be either an increased secretion of gonadotrophins (Hoppe & Whitten, 1972) or a suppression of prolactin (Bruce & Parkes, 1960; Milligan, 1976b) . Unfortunately the evidence in support of either of these proposals is largely circumstantial. The failure of luteal function produced by the pregnancy blocking pheromone is in turn thought to be responsible for the failure of implantation (Bruce & Parkes, 1961a; Dominic, 1970) . In mice (Bruce, 1960) or voles (Milligan, 1976a) there were no obvious signs of embryos following the olfactory block to pregnancy, and their fate was not determined.
The purpose of this present study was to assess the importance of the vomeronasal organ in the olfactory block to pregnancy, and the possible neuroendocrine mechanism of action of mouse primer pheromones. By flushing the oviducts and uteri of mice in which the pregnancy block was achieved, it was further hoped to establish the fate and status of embryos. Bruce (1960) . The data were subjected to a 2 test for significance of changes (Siegel, 1956 (Carr, Conway & Voogt, 1974 (Pratt, 1977 In Group C, 3 of the 5 mice had 2-day-old implantation sites in their uteri (4, 5 and 6 sites respectively) while the remaining 2 mice had 6-10 diapausing embryos remaining unimplanted in their uteri.
Discussion
These experiments demonstrate that complete lesions of the vomeronasal organ prevent the olfactory block to pregnancy (Bruce effect) . The inability of such females to respond to the odour of alien males is strong evidence for the presence of receptors for this pheromone in the vomeronasal organ. Receptors for pheromonally mediated suppression of oestrus in mice are also known to be present in the vomeronasal organ (Reynolds & Keverne, 1979) . Because of the close anatomical relationship between the vomeronasal organ and the hypothalamus (Scalia & Winans, 1975) , such pheromones probably exert their effects via the hypothalamic-pituitary axis, perhaps by an increased secretion of gonadotrophins (Chapman, Desjardins & Whitten, 1970; Hoppe & Whitten, 1972; Bloch, 1973) . Moreover, Bronson (1976a,b) has also shown that male pheromones do increase LH levels in grouped ovariectomized female mice. An increase in LH should not, however, lead to the regression of the corpus luteum which has been observed in pregnancy block (Dominic, 1966) . The evidence that prolactin is the hormone mainly responsible for pregnancy block arose from the early experiments of Bruce & Parkes (1960 , 1961b in which suckling or injection of exogenous prolactin protected mice from the pregnancy block. This has more recently been proposed as the immediate cause of pregnancy block in the vole (Milligan, 1976a; Charlton, Milligan & Versi, 1978) . Further evidence is provided by the present study in which the dopamine agonist -bromocriptine also succeeded in blocking pregnancy. The effect of the drug, although significant, was not quite as great as that of an alien male, but since bromocriptine's action in lowering prolactin is effective over hours rather than days (Sinha, Salcocks & Vanderlaan, 1975 ) the number of animals blocked could probably be increased by continued treatment. Exposure to urine for 2 days is similarly more effective in increasing the number of females which show pregnancy block when compared with exposure for only 12 h (Bruce, 1961) .
The discovery of diapausing embryos in mice which had passed through oestrus according to vaginal smear data (4 out of 6) was unexpected. In previous work (Bruce, 1959 (Bruce, , 1960 embryos from the initial mating were never found and hence were (Bruce, 1960 The presence of diapausing embryos was restricted to those animals exposed to the male odour alone. The mice that had been exposed to the alien males themselves during early pregnancy showed no signs of the original set of embryos as previously observed (Bruce, 1960) .
There are two possible reasons why this phenomenon of pheromone-induced diapause has not been described before. Firstly, diapausing mouse blastocysts are difficult to identify since they settle into the uterine crypts and become compressed laterally to such a extent that the blastocoele is completely obliterated and they can be easily overlooked and discarded as fragments of uterine epithelium. However, after a few hours in culture they expand and form the characteristic morphology of a hatched blastocyst. Secondly, it is not clear from the previous study (Bruce, 1960) whether the different ways of blocking pregnancy were taken into account when the fate of the embryos was examined. For example, animals that were exposed to male odour alone may not have been explicitly distinguished from those exposed to males themselves.
We are at present unable to define with certainty the conditions which lead to a high incidence of diapause among females exposed to male odour early in pregnancy. Factors which may predispose to diapause, age and condition of the male, age of the female, previous exposure to males, and parity, are now being investigated. Nevertheless, it seems clear that a block to implantation resulting in embryonic diapause can occur in response to odour cues alone, whereas the additional auditory, visual and/or tactile stimuli from the male itself result in loss of the embryos.
Thus there is clearly a range of possible reactions to pheromonal stimulation ranging from failure to implant and a return to oestrus, through failure to implant and suppressed oestrus, to complete loss of embryos when the odour cue is accompanied by other sensory information.
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